The lumped constant of the deoxyglucose method was determined by the steady-state, model independent method in the brain of normal conscious rats with arterial plasma glucose concentrations varying from normoglycemia (i.e., 8 mM) to hyperglycemia (i.e., 31 mM). The lumped constant for brain was found to de crease very gradually with increasing arterial plasma glu cose concentration from a value of �0.45 in the midnor moglycemic range (i.e., 7-8 mM) to � O . 38 at 28-31 mM.
plasma glucose concentrations as high as 34 mM. The values for the lumped constant for rat brain determined in the present studies were combined with those previously determined in this laboratory for hypoglycemia and nor moglycemia by the same method to provide a single source for the values for the lumped constant to be used over the full range of arterial plasma glucose concentra tions. In several rats the lumped constant for cephalic extracerebral tissues was also evaluated in parallel with those for the brain. The lumped constant for the cephalic extracerebral tissues was found to be about twice that for brain and to be unaffected by changes in arterial plasma glucose levels. Key Words: Brain-Glucose utilization Metabolism-Methylglucose. 1983) and also experimental evidence (Crane et aI., 1981; Cunningham and Cremer, 1981; Schuier et aI., 1981; Suda et aI., 1981 Suda et aI., , 1990 Mori et aI., 1989) to indicate that the A of the lumped constant in the operational equation of the method, and therefore also the lumped constant itself, changes with wider variations in the arterial plasma glucose concentra tion beyond the normoglycemic range. The values of the lumped constant for rats under normoglyce mic conditions were reported in the original report of the method (Sokoloff et aI., 1977) , and Suda et aI. (1990) have determined and provided the values to be used in the rat over a range of hypoglycemic levels.
In the present studies we have measured the lumped constant by the direct, model-independent, steady-state method (Sokoloff et aI., 1977) in rats with arterial plasma glucose concentrations ranging from normoglycemic (e.g., 8.1 mM) to severely hy-perglycemic (e.g., 30 mM) levels. The lumped con stant was found to decrease very gradually with in creasing arterial plasma glucose concentration. We have also combined all the directly measured values for the lumped constant, including those previously published, into a single data set to provide investi gators with a single source for the values to be used in conditions with arterial plasma glucose concen trations ranging from hypoglycemia to hyperglyce mia. In a few experiments we also determined the apparent lumped constant for cephalic extracere bral tissues. The lumped constant for these extra cerebral tissues was about twice that for the brain and did not appear to vary with the arterial plasma glucose concentration.
METHODS

Chemicals
2-Deoxy-n-[ 1-14C]glucose (45-55 mCi/mmol), 3-O-[methyl-14C]methylglucose (5�53 mCilmmoi), and cal ibrated e4C[toluene, used for internal standardization of radioactive samples assayed by liquid scintillation count ing, were purchased from Du Pont-NEN (Boston, MA, U.S.A.). Anhydrous n-glucose (Mallinckrodt, st. Louis, MO, U.S.A.) was dissolved in water at a concentration of 500 mg/ml; this solution served as the infusate to provide the glucose prescribed by the procedure to clamp arterial plasma glucose concentrations at desired levels. The en zymes and reagents used in the assays of blood and plasma glucose concentrations were purchased from Cal biochem (Richmond, CA, U.S.A.).
Animals
Eighteen normal, adult, male Sprague-Dawley rats (35�80 g; Taconic Farms, Germantown, NY, U.S.A.) were maintained under standard, controlled conditions of light-dark cycling and temperature and allowed Purina Laboratory Chow and water ad libitum until the time of the experiment. The animals were surgically prepared un der light halothane-N20 anesthesia by insertion of poly ethylene catheters (PE = 50) bilaterally into the femoral veins and arteries. The torcular Herophili was also can nulated as previously described (Sokoloff et aI., 1977; Suda et al., 1990) . The left external jugular vein was can nulated in 4 of the 18 animals studied to allow determi nation of a lumped constant for cephalic extracerebral tissues. After surgery, the animals were partially re strained by the application of loose-fitting plaster casts to the lower torso, and they were then taped to lead bricks for support. At least 2 h was allowed for recovery from anesthesia and surgery before further experimental pro cedures were initiated.
Physiological variables
Arterial blood pH, Pco2, Po2, and hematocrit were measured (ILS model no. 213 pH Blood Gas Analyzer; Instrumentation Laboratory, Lexington, MA, U.S.A.) just prior to the e4C]DG administration. Mean arterial blood pressure was measured from a femoral artery with an air-damped mercury manometer. Body temperature was monitored with a rectal probe and YSI Tele Thermometer (model no. 73; Yellow Springs Instrument J Cereb Blood Flow Metab, Vol. 10, No. 6, 1990 Co., Yellow Springs, OH, U.S.A.) and maintained at 37°C with a heating lamp. These variables were measured to assess and ensure normal physiological status of the animals during the experimental period.
Induction and maintenance of steady-state hyperglycemic level
Arterial plasma glucose concentrations between 8 and 30 roM were induced and maintained relatively constant throughout the experimental procedure by a modification of the glucose clamp technique designed by DeFronzo et al. (1979) for human use. The procedure was based on a regularly adjusted continuous infusion of a glucose solu tion (500 mg/m!) via a femoral vein. The schedule of in fusion consisted of a priming dose, calculated to attain the desired plasma glucose concentration, followed by re peatedly adjusted maintenance doses. The priming dose was determined by the following expression:
where k is an empirically determined constant that in these studies was set equal to 3; W is the weight of the animals (kg); Gd and Gb are the desired and basal glucose levels (mg/dl), respectively; and C is the concentration of glucose in the infusate (mg/mi). The priming dose was delivered by infusion of the glucose solution over a 4-min period by means of a peristaltic pump (Varioperpex II; LKB, Bromma, Sweden); the rate of infusion was pro gressively decreased exponentially until it reached a rate by the end of the fourth minute close to that required to maintain a stable plasma glucose level thereafter. The infusion pump setting was redetermined every 20 s ac cording to the following equation:
where Set) is the pump setting at any time t; V is the volume of the glucose solution to be infused during the priming dose; andfis a calibration constant that converts infusion rate (mllmin) to pump dial setting. The maintenance dose was administered by the same peristaltic pump and regularly adjusted according to the difference between monitored and desired plasma glucose levels by the method and equation described by De Fronzo et al. (1979) . Arterial blood samples were drawn at 5-to 15-min intervals and centrifuged in a Microfuge B (Beckman Instruments, Fullerton, CA, U.S.A.), and the plasma was assayed for glucose concentration (Beckman Glucose Analyzer II). These measured values for glucose concentration were used to compute and adjust the sub sequent rates of infusion of the glucose solution. The glu cose concentrations were measured in 10 111 of plasma. By limiting the volume of blood drawn to the minimum needed for one such determination and by returning to the animal the blood drawn to clear the dead space in the catheter, blood loss was kept to a minimum.
The desired plasma glucose concentrations were usu ally attained within 2�30 min after onset of the glucose infusion and were maintained within ± 10% of that level throughout the remainder of the experiment. The infusion of [14C]DG was begun after the arterial plasma glucose concentration had remained stable at the desired level for at least 30 min, usually 50-80 min after the onset of the glucose clamp procedure.
Determination of the lumped constant
The direct, model-independent, steady-state method for determination of the lumped constant is based on the following equation in the original report of the [14C]DG method (Sokoloff et aI., 1977) : The procedures used to meet these requirements were similar to those employed in the determinations of the lumped constant in normoglycemia (Sokoloff et aI., 1977) and hypoglycemia (Suda et aI., 1990) . Constant arterial plasma glucose concentrations at desired levels were achieved as described above. Constant arterial plasma [14C]DG concentrations were achieved and maintained by programmed intravenous infusions that were determined as follows. Intravenous pulses of [14C]DG were adminis tered to rats that had been maintained in steady states of hyperglycemia at plasma glucose levels between 10 and 33 mM as described above, and the time courses of the arterial plasma clearances of [14C]DG were measured for up to 2 h. An expression consisting of the sum of four exponential terms was then fitted to these plasma clear ance curves by a nonlinear, iterative, least-squares rou tine, and from a Laplace transform of this function, infu sion schedules designed to produce and maintain constant arterial plasma concentrations of [14C]DG were computed for the various levels of hyperglycemia (Patlak and Pet tigrew, 1976 ). These infusion schedules were then em ployed in hyperglycemic animals that had been prepared for arterial and cerebral venous blood sampling. After the arterial plasma glucose concentration had reached and maintained a constant level for at least ;;;. 30 min [e.g., -10 half-lives of the free glucose pool in brain (Savaki et aI., 1980) ], the infusion schedule of [14C]DG appropriate to that animal's plasma glucose concentration was initiated. Sixty to eighty minutes later, after the concentrations of both glucose and [14C]DG in arterial plasma had been held relatively constant for at least 1 h, paired samples of arterial and cerebral venous blood were drawn from a femoral artery (0.5 ml) and the confluence of the sinuses (0.3 m!), respectively, at -IS-min intervals over the next 60-80 min. In four animals venous samples were also col lected from the external jugular vein (0.3 m!) for the es timation of a lumped constant for cephalic extracerebral tissues. Particular attention was paid to keep the withdrawal rate from the confluence of sinuses <0.1 mllmin to avoid contamination of the samples with blood draining extra cerebral tissues. In a few rats mean arterial pressure fell to 100 mm Hg as a result of the repeated blood sampling; these rats were transfused with 0.5-1.0 ml of blood as often as needed to prevent further declines in blood pres sure. At the end of the experiment the animals were killed by an intravenous dose of pentobarbital. The location of the needle tip in the torcular Herophili and the absence of traumatic injury to brain by the sampling system were verified by autopsy. The determination of the lumped constant by the steady-state method requires measurement of cerebral ar teriovenous diff erences for ['4C]DG and glucose in whole blood as well as their concentrations in arterial plasma (Eq. 1). Because the cerebral extraction fractions of both hexoses from the cerebral circulation are normally low (e.g., -4% for [14C]DG and 8% for glucose) and even smaller in hyperglycemia, these arteriovenous differences are correspondingly small and must be measured with high accuracy and precision to minimize errors. For these determinations 100 f.Ll of blood or plasma was deprotein ized in 1 ml of 6% (wt/vol) perchloric acid and stored on ice for several minutes. The pH was then adjusted to 7.0-7.5 with KOH, and the samples were centrifuged to remove the precipitated protein and KCI0 4 . Glucose con tents of the supernatant fluids were assayed spectropho to metrically at 340 nm on the basis of glucose-dependent reduction of NADP+ catalyzed by the combination of hexokinase and glucose-6-phosphate dehydrogenase (Slein, 1963) . [14C]DG concentrations were assayed in samples of the same supernatant fluids by liquid scintil lation counting with internal standard calibration. The steady-state method measures an average lumped constant for the brain as a whole because it depends on arteriovenous differences determined from mixed cere bral venous blood. It is assumed that the lumped constant is uniform throughout the brain. This assumption may be valid under physiological, normoglycemic conditions, but the local lumped constant may vary in brain with different local glucose concentrations (Gjedde, 1982) . Gjedde and Diemer (1983) showed that the distribution of 3_0_[14C]_ methyl-D-glucose, which reflects the local distribution of glucose in brain, is relatively uniform in normoglycemic rats. We, therefore, also used [14C]methylglucose to as sess the degree of uniformity of the lumped constant throughout the brain in hyperglycemia. In two rats hyper glycemia was induced and maintained at arterial plasma levels of -30 and 34 mM as described above. After -1 h of stable plasma glucose concentration, they were admin istered an intravenous pulse of 100 f.LCi of [14C]methyl-glucose. Seventy minutes were allowed for arterial plasma concentration to level off and for equilibration between brain and plasma to be reached. The animals were then killed with a lethal intravenous dose of pentobarbital, and the brains were removed as rapidly as possible and frozen in isopentane chilled to -40°C. The frozen brains were stored at -70°C until cut into 20-fLm sections in a cryo stat maintained at -22°C. The sections were dried on a hot plate at 60°C and autoradiographed as previously de scribed (Sokoloff et aI., 1977) .
RESULTS
Physiological variables
The means ± SD for the physiological variables measured in the 18 rats immediately before the pe riod of determination of the lumped constant were as follows: arterial blood pH, 7.35 ± 0.01; arterial blood Po2, 94 ± 5 mm Hg; arterial blood Pco2, 39 ± 3 mm Hg; arterial hematocrit, 49 ± 4; and mean arterial blood pressure, 102 ± 12 mm Hg. Both mean arterial blood pressure and arterial pH were within normal physiologic limits but lower than the values normally found in conscious, unanesthetized rats prepared as in these experiments in our labo ratory (Sokoloff et aI., 1977) . These differences may reflect the longer period of restraint and repeated blood sampling required for the glucose clamp tech nique. Small blood transfusions were given to 14 of the rats in which mean arterial blood pressure fell below 100 mm Hg near the end of the period of arterial and cerebral venous blood sampling.
Values of lumped constant for brain and cephalic extracerebral tissues
The lumped constant was computed from the ra tios of the steady-state cerebral fractional extrac tions of e4C]DG and glucose from the blood and the ratios of the arterial whole-blood specific activities to those in plasma measured in the paired arterial and cerebral venous blood samples drawn in the steady state (see Eq. 1). To minimize effects of an alytic errors in the computation and to ensure sta bility of the steady state, at least four pairs of arte riovenous samples were drawn at various times dur ing the steady state. The lumped constant was then computed separately from each pair, and their val ues were averaged to obtain a single value for the lumped constant for each animal (Table 1) . A rep resentative experiment is illustrated in Fig. 1 .
A lumped constant for cephalic extracerebral tis sues was obtained similarly in four animals in which external jugular venous blood was sampled simul taneously with the arterial and torcular blood. The lumped constant for the extracerebral tissues was found to be about double that for brain in both nor moglycemic and hyperglycemic animals ( Table 1) .
Distribution of e 4 qmethylglucose in brain in hyperglycemia
[14C]Methylglucose appeared to be distributed relatively uniformly in brain during hyperglycemia (30-34 mM), as indicated by the nearly homoge neous optical densities of the autoradiograms. The autoradiograms in Fig. 2 are representative of those obtained from all parts of the brain, except for the cerebellum, where the concentration was -20% greater in cerebellar cortex than in cerebellar white matter. The variability of the distribution of e4C] methylglucose in noncerebellar brain tissue was analyzed by computerized densitometry of the au toradiograms. The coefficients of variation for the distribution of e4C]methylglucose among the indi vidual pixels, each representing an area of 50 x 50 !-Lm, were -25%. The coefficients of variation ob tained by the same densitometric analysis of the autoradiograms of the homogeneous [14C]methyl methacrylate standards with optical densities com parable with those of the tissue sections were, how ever, -27%. It was clear, therefore, that at this very fine level of resolution, much of the apparent heterogeneity was due to inhomogeneities in the film emulsion and/or silver grain size. The true •
.., ,r .. quantitative resolution of the autoradiographic technique is, however, no better than -200 j.lm (Smith, 1983) . The computerized densitometry was therefore repeated with measurements in 24 ran domly distributed regions, each 250 x 250 j.lm in area (i.e., 5 x 5 pixels), per section of brain. At this level of resolution the coefficients of variation for the brain sections in the autoradiograms in Fig. 2A and B were ±9 and ±12%, respectively, which were statistically significantly (F = 5.0, p < 0.005, and F = 5.3, p < 0.005, respectively) but only slightly higher than the 5 and 7% coefficients of variation determined for the e4C]methylmeth acrylate standards at the same level of resolution. The coefficient of variation for the e4C]methylglu cose concentration in regions of brain tissue at the limits of quantitative resolution with autoradiogra phy was therefore within 10-15% in all the sections examined, and of this degree of variability a fair portion was attributable to inhomogeneity in the film (e.g., variations in the emulsion and/or silver grain distribution).
DISCUSSION
The lumped constant (X, V�Km/<I> V mK�) may be viewed as the product of the four factors 11<1>, x', V�/V m' and Km/K� (see Eq. 1) (Sokoloff et aI., J Cereb Blood Flow Metab, Vol. 10, No.6, 1990 1977). The X, is the ratio of the steady-state brain plasma distribution ratio for deoxyglucose to that of glucose and is equal to [Ki/(ki + kj)]/[K,/(k2 + k3)], a combination of the rate constants for blood brain barrier transport and phosphorylation of DG (indicated by * ) and glucose. Because the rate con stant for phosphorylation relative to that of back transport is greater for glucose than for DG (i.e., [k3/k2] > [kj/ki]), the steady-state distribution ratios for the two hexoses could be expected to change disproportionately with changes in tissue glucose concentration, such as those produced by changes in plasma glucose levels (Crane et aI., 1981; Gjedde, 1982; Pardridge et aI., 1982a, b; Pardridge, 1983; Pettigrew et aI., 1983) . Such a disproportionate change would alter the X. and, of course, also the lumped constant; experimental observations have indeed confirmed that the lumped constant does change with altered arterial plasma and/or tissue glucose concentrations (Crane et aI., 1981; Cun ningham and Cremer, 1981; Schuier et aI., 1981; Suda et aI., 1981 Suda et aI., , 1990 Mori et aI., 1989) . In the study by Mori et aI. (1989) , the X. was determined by direct chemical measurement, and its changes with altered plasma and/or tissue glucose concentrations were found to account for the observed changes in the lumped constant. The other components com prising the lumped constant appear to remain con stant.
In the development of the DO method, the lumped constant was initially determined only in normoglycemic rats (Sokoloff et aI., 1977) . Suda et aI. (1990) measured the lumped constant over a range of arterial plasma glucose levels from hypo glycemia to normoglycemia. The present study ex tends the range from normoglycemia to hyperglyce mia as high as 31 mM. Inasmuch as all three studies were carried out in this laboratory with the same method and by some of the same personnel, we have combined the data from all of them to con struct a single plot of the values for the lumped constant over the full range from hypoglycemia to hyperglycemia (Fig. 3) . To facilitate the use of these data, we have fitted a continuous curve by inspec tion through the scattered points and digitized it to provide numerical values of the lumped constant to be used in rats with arterial plasma glucose concen trations ranging from 1.8 to 31 mM (Table 2 ). In the normoglycemic range (i.e., arterial plasma glucose concentrations between 6 and 10 mM), the values of Table 2 varied between 0.44 and 0.46, essentially the same as the value of 0.46 found in normoglycemic, conscious rats in the orig inal report of the DO method (Sokoloff et aI., 1977) . In that study the lumped constant was also deter mined in normoglycemic, anesthetized rats and found to be 0.51, but this value was not statistically significantly higher than the 0.46 in the conscious rats. The values obtained in all the rats were there fore averaged to obtain the commonly used value of 0.48, which does not differ statistically significantly from the values of 0.44-0.46 for the lumped con- glycemia. The data are taken from the study of Suda et al. (1990; 6) , Sokoloff et al. (1977; 0) , and the present study (.). The continuous curve was fitted by inspection and digitized for convenient use; the digitized values are presented in Table 2 .
stant in normoglycemia shown in Table 2 (Fig. 3) . For most studies with normoglycemic rats, it is probably desirable to use the value of 0.48, if for no other reason than continuity with previous publica tions. When, however, there are differences in ar terial plasma glucose levels that extend beyond the normoglycemic range in the animals that are being compared, then the values for the lumped constant presented in Table 2 should be used. In contrast to the situation in hypoglycemia, in which the lumped constant rises steeply with falling arterial plasma glucose concentration, the lumped constant falls very gradually with increasing plasma glucose levels. These results are consistent with the results of Mori et ai. (1989) , who found an almost identical pattern of change in X. over the same range of arterial plasma glucose concentrations. Although the changes are relatively small compared with those that occur in hypoglycemia, they are suffi cient to require use of these newly determined lumped constants for accurate determinations of LCMR g lc in hyperglycemia. In addition, the rate constants Kj, kI, and kj appropriate to the level of hyperglycemia must also be used in the computa tion of LCMR g lc• These rate constants have already been estimated by Orzi et ai. (1988) , who used them as well as the values for the lumped constant re ported in the present studies to determine LCMR g lc in hyperglycemia.
The steady-state method measures the lumped constant for the brain as a whole. When the values obtained with it are used for local structures, it is assumed that the lumped constant is uniform throughout the brain. The lumped constant may, however, vary locally in brain with variations in local tissue glucose concentration (Gjedde, 1982) . Gjedde and Diemer (1983) have provided evidence that local brain glucose concentrations can be as sessed from the tissue-plasma equilibrium distribu tion ratios for [14C]methylglucose and reported this ratio to be essentially uniform throughout the brain in physiological, normoglycemic conditions. We have found that even at the highest level of hy perglycemia examined in the present study, i.e., 34 mM, the distribution of e4C]methylglucose throughout the brain, except for the cerebellum, re mains relatively uniform, at least within the limits of sensitivity of the method (Fig. 2) . There is no obvi ous explanation for the different behavior in the cerebellum. The coefficients of variation for [14C]_ methylglucose concentration in 250 x 250 j.Lm re gions, approximately the limit of accurate quantita tive spatial resolution of the autoradiographic tech nique, were ±9 and ± 12% in the sections in Fig. 2A and B, respectively, but 5 and 7% coefficients were J Cereb Blood Flow Metab, Vol. 10, No.6, 1990 found for the autoradiograms of the homogeneous standards, indicating that this degree of variability was intrinsic to the emulsion of the film, From di rect chemical measurements it has been found that the methylglucose distribution space changes very gradually with changes in brain glucose content in normoglycemia and hyperglycemia comparable with the ranges examined in the present studies (G. A. Dienel et aI., unpublished data). As can be seen from Fig, 3 and the studies by Dienel et aI.
(unpublished data), the lumped constant also changes very gradually with brain glucose content in the same ranges, and the percentage changes in the lumped constant are approximately equivalent to those in the methylglucose space. Therefore, a coefficient of variation of 9-12% in the determined methylglucose space, which includes 7-9% varia tion due to quantitative autoradiography per se, corresponds to a maximum coefficient of variation in the lumped constant of about the same magni tude. Analyses of the uniformity of the e4C]methyl glucose concentration in the brains of animals with plasma glucose levels ranging from moderate hypo glycemia (2 rats; Suda et aI., 1990) through normo glycemia (27 rats, most of which were used for cal ibration of e4C]-methylmethacrylate standards; M, Des Rosiers et aI., unpublished data) to hypergly cemia (2 rats; present study) have all yielded com parable results. It should be noted, however, that the relationship between the methylglucose space and the lumped constant is somewhat less favorable in hypoglycemia during which the lumped constant is more sensitive to changes in brain glucose con tent than is the methylglucose space (Suda et aI., 1990; G. A. Dienel et aI., unpublished data) .
The question might be raised of whether glucose-6-phosphatase activity might have been responsible for the lower values of the lumped constant found in hyperglycemia because the cerebral arteriovenous differences for e4C]DG from which the lumped con stant is computed were determined between 60 and 120 min after initiation of the infusion of [14C]DG. With increasing duration of a constant arterial input of e4C]DG, the rate of dephosphorylation of e4C] deoxyglucose-6-phosphate should increase as its concentration rises in the tissue while the rate of phosphorylation of e4C]DG remains constant. The cerebral arteriovenous difference and net extraction fraction for e4C]DG should then decline toward zero rather than reach a finite, constant, steady state level. To examine this possibility we com puted the product-moment correlation coefficient between the net cerebral extraction fraction for e4C]DG and time during the 60-to 120-min period after initiation of the programmed infusion. This was the period in which the brain was presumed to be in steady states with respect to both e4C]DG and glucose and during which two to five timed pairs of arterial and cerebral venous samples were drawn from each rat for measurement of the net extraction fractions. There was no statistically significant cor relation between net extraction of e4C]DG with time over this interval (r = -0.23; p = 0.1; dj = 51), indicating that with the constant arterial input used in these experiments, the effects of glucose-6-phosphatase activity on net uptake of e4C]DG by brain were undetectable for as long as 2 h. The de cline in the values for the lumped constant with increasing arterial plasma concentration is fully at tributable to the effects of hyperglycemia on t.. , as previously predicted on the basis of theoretical con siderations (Crane et aI., 1981; Gjedde, 1982; Par dridge et aI., 1982a,b; Pardridge, 1983; Pettigrew et aI., 1983) and confirmed by direct experimental measurement (Mori et aI., 1989) .
The finding of a lumped constant of 0.74-1.04 in extracerebral tissues compared with 0.3-0.5 in brain has no special significance. The lumped con stant depends on the ratios of the Michaelis-Menten kinetic constants of hexokinase for DG and glucose and the ratio of the distribution spaces in the tissues for the two hexoses. The extracerebral tissues in clude bone, muscle, skin, etc., and there is no rea son for the ratios of the distribution spaces to be the same in brain and in tissues that lack a blood-tissue barrier. Furthermore, there are several isoenzymes of hexokinase with different electrophoretic and ki netic properties that are distributed differently in various tissues. Brain hexokinase is almost exclu sively Type I, and skeletal muscle and fat contain Type II (Grossbard and Schimke, 1966) . Differ ences in the lumped constant for different tissues are therefore to be expected.
